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Abstract
The number of studies of tropical tree species that use
molecular tools is increasing, most of which collect leaf
tissue for genomic DNA extraction. In tropical trees the
canopy is not only frequently inaccessible, but also, once
reached, the leaf tissue is often heavily defended against
herbivory by high concentrations of anti-predation com-
pounds, which may inhibit downstream applications,
particularly PCR. Cambium tissue, accessed directly
from the tree trunk at ground level, offers a readily
accessible resource that is less hampered by the pres-
ence of defensive chemicals than leaf tissue. Here we
describe a simple method for obtaining tissue from the
cambial zone for DNA extraction and test the applicabil-
ity of the method in a range of tropical tree species. The
method was used successfully to extract DNA from 11
species in nine families. A subset of the DNA extracts
was tested in more detail and proved to be highly suit-
able for AFLP analysis.
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sample preservation.
Introduction
Tropical tree populations are increasingly being stud-
ied using molecular methods. Such studies require fresh
or, more commonly given the often remote field sites,
dried tissue samples for DNA extraction (SCHIERENBECK,
1994). In addition, the increasingly ambitious scale of
population genetic analyses of tropical tree species
means that samples are frequently required in substan-
tial numbers. 
The most common tissue sampled for genetic studies
of tree populations has been leaf material. However,
both collection and use of tropical tree leaf samples for
molecular analysis are problematic. Firstly, tropical tree
species commonly reach heights of greater than 40
metres and leaf tissue is inaccessible. Sampling of tropi-
cal tree populations has been conducted using climbing
equipment (DICK, 2001) or employing tree climbers
(LOWE et al., 2003), but this is time consuming, labour
intensive and relatively hazardous. In addition the dam-
age caused to the trees by the spikes used for climbing
can be extensive (G. HERNANDEZ, pers comm.) and,
although the potential effects are un-evaluated, there
may be long term consequences for the individuals sam-
pled. Secondly, tropical tree leaf tissue is subject to high
rates of herbivory and infection (COLEY and BARONE,
1996) and consequently is frequently heavily defended
through high concentrations of anti-predation agents
including alkaloids, cyanide, polyphenols and terpenes
(TURNER, 2001). Such compounds may all inhibit down-
stream PCR applications. Furthermore, although it is
usually recommended that young leaves be sampled for
successful DNA extraction, in tropical species young tis-
sue is commonly more heavily protected against her-
bivory than older leaves, with higher concentrations of
tannins and other polyphenols (COLEY, 1983; TURNER,
1995). Finally, leaf material frequently contains
microorganisms and small insects which are not always
visible. By sampling cambium tissue contamination of
target DNA by foreign DNA can be avoided.
Here we describe an efficient technique for sampling
tissue suitable for traditional DNA extraction proce-
dures that accesses a resource at ground level. The
method was tested on a range of tropical tree species of
which 6 were tested in more detail by spectrophotomet-
ric analysis and reproducibility in AFLP analysis.
Methods
The procedure for sampling of cambial zone tissue
used an ethanol-cleaned 1cm diameter leather punch
(Fig 1.), hammered into the bark of the target tree until
stopped by the wood. The resultant plug of bark was
removed with the cambial zone found on the inner sur-
face. A very thin disc of tissue was sliced off using a
clean scalpel, which was continually sterilised using
ethanol between trees. The bark plug was replaced in
the tree trunk and hammered tight. The 1 cm disc of
cambium tissue was then preserved either by placing
directly on silica gel in an ‘O’-ring sealed 1.5 ml screw-
cap plastic tube (Anachem Ltd.) or by suspension in a
1.5 ml plastic tube containing transport buffer consist-
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Figure 1. – Leather punch used for removing bark plug from
tree trunk, from which cambium tissue can be sliced.
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ing of 70 : 30 absolute ethanol: 2X CTAB buffer (100 mM
Trizma base, 1.4 mM NaCl, 20 mM Ethylenediaminete-
tra-acetic Acid (EDTA), 2% Cetyltrimethylammonium
bromide (CTAB), 1–4% Polyvinylpyrrolidone (PVP)-40
(4% was used if species were expected to contain high
quantities of polyphenolic compounds), 0.1–0.3% ascor-
bic acid, 0.2% DTT (or β-mercaptoethanol 0.3%)). 
For all species, Brosimum guianense, Carapa guianen-
sis, Ceiba pentandra, Eschweilera costaricensis, Goethal-
sia meiantha, Laetia procera, Lecythis ampla, Maran-
thes panamensis, Swietenia macrophylla, Tetragastris
panamensis and Vochysia ferruginea, leaf material as
well as cambium tissue was taken from 3 individual
trees and was preserved on silica gel. 
The silica-dried cambium discs were ground to a fine
powder using purpose-built racks and tubes and tung-
sten beads (Qiagen) and a Retsch MM300 mill set at 30
Hz. Grinding was carried out in 30 sec. bursts, until tis-
sue was finely powdered (usually between 30 sec. and 2
min). The buffer-preserved discs were first frozen in liq-
uid nitrogen and then ground to a powder using a mor-
tar and pestle. 
From the ground tissue, 15 mg was taken to perform
DNA-extraction. Several DNA extraction methods were
used including a commercial kit (Qiagen) but, because of
higher yields, preference was given to the CTAB method
(DOYLE and DOYLE, 1987; HARRIS, 1995; GILLIES et al.,
1997). For the 6 species analysed in more detail a modi-
fied CTAB was used as follows: to 700 µl of standard
extraction buffer (100 mM Tris-Cl pH 8, 2% CTAB, 2%
PVP (40), 1.4 M NaCl, 20 mM EDTA) 7 µl proteinaseK
(10 mg/ml), 140 µl 10% SDS, 1% L-ascorbic acid (PATER-
SON et al., 1993) and 0.2% β-mercaptoethanol were
added just before use. Samples were mixed thoroughly
by vortexing and placed in a 65°C water-bath for 1 hour
with periodic mixing. Samples were treated with 6 µl
RNAse (10 mg/ml) for 10 minutes at 37°C, then 600 µl
chloroform/isoamylalcohol 24:1 (CIAA) was added. The
tubes were inverted and centrifuged for 10 minutes at
max speed (14,000 rpm). After addition of 140 µl 10%
CTAB and 280 µl 5M NaCl to the upper phase 2 extrac-
tions with CIAA were performed and precipitation was
carried out with 1 volume of isopropanol. An additional
step for removal of polysaccharides was performed by
sodium acetate precipitation. Pellets were dissolved in
200 µl 0.1 M sodium acetate and 20 µl 96% ethanol. The
tubes were placed on ice for 10 minutes and centrifuged
for 5 minutes at max speed and 4°C. Supernatant was
transferred to another tube and 1/10 volume 3M sodium
acetate and 2 volumes of 96% ethanol were added. After
an overnight precipitation at –20°C the pellet was
Table 1. – Comparison between leaf and cambium material purity by spectrophotometric
analysis. In all cases, a – cambium, b – leaf. D1–D3: Ceiba pentandra; E1–E3: Maran-
thes panamensis; F1–F3: Eschweilera costaricensis; G1–G3: Lecythis ampla, H1–H3:
Goethalsia meiantha and I1–I3: Laetia procera.
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Figure 2. – AFLP print of the six species studied in detail Ceiba pentandra, Maranthes panamensis, Eschweil-
era costaricensis, Lecythis ampla, Goethalsia meiantha and Laetia procera with the following primer combina-
tion EcoRI + CG/MseI + ACAA on leaf material (B) and cambium tissue (A).
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washed 2 times with 70% ethanol and dissolved in 40 µl
water.
DNA quality was analysed by spectrophotometric
analysis at 260 nm and 280 nm and templates were
used for AFLP® analysis (VOS et al., 1995) with the fol-
lowing 2 primer combinations EcoRI + CG/MseI + ACAA
and EcoRI + CG/MseI + ACAG.
Results
All of the species tested yielded useful DNA extracts
from cambial zone tissue samples (data not shown).
Extracts from silica dried cambium tissue were com-
pared for DNA quality with extracts prepared from sili-
ca dried leaf material by spectrophotometric analysis at
260 nm and 280 nm (SAMBROOK et al., 1989) for Ceiba
pentandra, Maranthes panamensis, Eschweilera costari-
censis, Lecythis ampla, Goethalsia meiantha and Laetia
procera. Levels of protein contamination by A260 /A280
ratio for all the samples is given in Table 1. Most
A260 /A280 ratios (with few exceptions) are in the range
between 1.5–2.5 indicating that the level of protein con-
tamination is low and the DNA is pure. Comparing the
different extracts from the same individual we can con-
clude that the A260 /A280 ratios for DNA from cambium
tissue extracts are generally comparable to those of the
DNA from leaf material from the same individual. 
AFLP® analysis was performed with the following 2
primer combinations EcoRI + CG/MseI + ACAA and
EcoRI + CG/MseI + ACAG on DNA prepared from leaf
and cambium from Ceiba pentandra, Maranthes pana-
mensis, Eschweilera costaricensis, Lecythis ampla,
Goethalsia meiantha and Laetia procera (Fig. 2).
Extracts from leaf and cambium tissue from Maranthes
panamensis and Lecythis ampla show no significant dif-
ference in clarity of AFLP pattern. For Ceiba pentandra,
Eschweilera costaricensis, Goethalsia meiantha and Lae-
tia procera, AFLP amplification was more successful and
patterns were clearer when cambium material was
used. For these 6 species tested AFLP® results were
more reproducible when extracts of cambium tissue was
used compared to leaf extracts (data not shown).
Discussion
Sampling of cambial zone tissue was a highly success-
ful method for all of the species tested: Brosimum guia-
nense, Carapa guianensis, Ceiba pentandra, Eschweilera
costaricensis, Goethalsia meiantha, Laetia procera,
Lecythis ampla, Maranthes panamensis, Swietenia
macrophylla, Tetragastris panamensis and Vochysia fer-
ruginea.
The method involves collection of a small disc of cam-
bial tissue directly from the tree trunk followed by
preservation of the disc in a stabilising transport buffer
or on silica gel. DNA extraction then proceeds following
commonly used protocols. The technique greatly speeds
up the process of sampling of tropical trees (permitting
collection of samples from up to 50 individuals per day),
dramatically reduces labour and was found, in some
cases, to provide superior tissue for DNA extraction
compared to leaf. Even under standard CTAB extrac-
tion, cambium proved to yield high quality DNA extracts
(i.e. for ease of use in downstream applications), pre-
sumably because, being physically protected by the tree
bark, there is reduced need for the defensive chemicals
in the tissue that can hamper efforts to use leaf. In our
tests, preliminary results for AFLP preamplification
using Qiagen DNA extracts were poor – probably as a
result of low yield. Hence, we preferred the CTAB
extraction procedure for its higher yields and lower
costs. However, for studies requiring automation or high
throughput, or when lower yields can be tolerated (e.g.
for microsatellite analysis), the Qiagen kit can also be
used to extract DNA from cambium. In this case, and
particularly when AFLP analysis is subsequently to be
undertaken, we recommend preliminary testing prior to
full scale sample processing.
A number of recommendations arise from the experi-
ence of testing the method. Firstly, it was noted during
the study that it is critical for both preservative meth-
ods used, that the collector ensures there is sufficient
silica gel or buffer to avoid saturation. For this reason it
is recommended that a very thin slice of tissue is taken
and the preserving medium is recharged at least once
after collection. Buffer-preserved samples were stable
when refrigerated at –20°C for short periods of time (up
to 2 weeks): for longer storage periods tissue was
removed from the buffer and dried. Although not sys-
tematically compared, silica-drying was preferred to
buffer-preservation. Often, low DNA yields were
obtained from cambium tissue preserved in buffer. On
silica gel, tissue was stable at room temperature for
more than 4 weeks and, in addition, the light, inert,
solid-gel-preserved samples proved ideal for transport-
ing collections long distance by air. 
Secondly, the method is to some degree species-depen-
dent. Where the cambium zone tissue is hard to identify
or has a spongy or porous morphology, successful sam-
pling can be difficult. Similarly, sample grinding effi-
ciency was found to vary between species. For several of
the species tested, grinding times of up to 2 minutes
were necessary to obtain the fine powder that is essen-
tial for a successful DNA extraction.
Finally, a single tissue type should be used for a study
– if cambium is selected as the tissue of choice for sam-
pling, the entire study should be conducted using cambi-
um. It has been reported that, for AFLP analysis, differ-
ent tissues may yield different patterns (DONINI et al.,
1997). 
For tropical tree species, cambium tissue sampling
offers an efficient, low-impact collecting method and a
source of good-quality tissue for DNA extraction and
analysis. 
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